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(54) Well drilling fluids 

(57) A cementitious well drilling fluid connprises wa- 
ter, a water viscosity increasing material and a cemen- 
titious material which, when deposited on the walls of 



the well bore as a part of the filter cake thereon, consol- 
idates the filter cake into a stable mass that will readily 
bond to a cementittous material slurry subsequently 
placed in the well bore. 
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Description 

The present invention relates generally to a drilling fluid and to a method of drilling a subterranean well bore 
therewith. 

A variety of drilling fluids have been used heretofore in drilling subterranean well bores. The most commonly used 
such drilling fluids are solids-containing water-based gels formed with clays and/or polymers which are often weighted 
with particulate weighting materials such as barite. When a well bore is being drilled, the drilling fluid is circulated 
downwardly through the drill string, through the drill bit and upwardly in the annulus between the walls of the welt bore 
and the drill string. The drilling fluid functions to maintain hydrostatic pressure on formations penetrated by the well 
toore and thereby prevent blow-outs and to remove cuttings from the well bore. As the drilling fluid is circulated, a filter 
cake of solids from the drilling fluid forms on the walls of the well bore. The fitter cake build-up is the result of initial 
fluid loss into permeable formations and zones penetrated by the well bore. The filter cake and gelled or partially gelled 
drilling fluid mixed therewith reduce or prevent additional fluid toss as the well is drilled. 

After the well bore reaches its total depth, the drilling and circulation of drilling fluid are stopped. The well is then 
logged and a string of pipe is run into the well bore. After the pipe is run, the drilling fluid is conditioned by circulating 
it downwardly through the interior of the pipe and upwardly through the annulus. Primary cementing operations are 
then performed in the well bore, i.e., the string of pipe disposed in the well bore is cemented therein by placing a cement 
slurry in the annulus and allowing it to set into a hard substantially impermeable mass. When the cement slurry is run 
down the pipe and into the annulus, the drilling fluid in the pipe and the annulus is displaced therefrom. 

The purpose of cementing the above mentioned string of pipe in the well bore is to provide physical support and 
positioning to the pipe and seal the annulus. That is, it is intended that the set cement in the annulus will bond to the 
pipe and to the walls of the well bore whereby the annulus is sealed in a manner whksh prevents pressurized fluid 
migratkxi between subterranean zones and formatk)ns penetrated by the well bore. 

The sealing of the annulus Is often frustrated by the layers of solids contained in the fitter cake and the gelled 
drilling fluid remaining on the walls of the well bore when the primary cementing operation is commenced. That is. 
when the cement slurry is placed in the annulus. thin layers of unconsolkJated solk:ls containing gelled drilling fluk:! 
often remain between the cement and the walls of the well bore including the faces of permeable formations or zones 
containing pressurized fluids. Since the Inert layers of unconsolidated solids do not have the physical properties nec- 
essary to prevent pressurized fluid migration, such migration often takes place by way of flow channels formed through 
the layers. 

While a variety of technkifues have heretofore been devetoped in attempts to remove filter cake from the walls of 
well bores and increase the displacement efficiencies of gelled drilling fluids prk>r to cementing pipe therein, continuing 
needs remain for improved drilling fluids and methods of drilling. Such needs involve minimizing or preventing the 
existence of unconsolidated layers of fitter cake on the walls of the well bore and/or modifying the drilling fluid to impart 
settable characteristics to the filter cake solkis. 

We have now devised some drilling flukls by which the needs described above can be at least partially met and 
by which the shortcomings of the prior art can be reduced or overcome. In partbular. the drilling fluids of the present 
invention include as a component, a cementitious material whk:h (in use) is deposited on the walls of the well bore as 
a part of the layers of filter cake thereon. During the drilling of the well bore and/or subsequent thereto, the cementitious 
material is activated and caused to harden whereby the layers of filter cake are consolidated into stable masses to 
whk:h additional cementitious material readily bonds. The consolidated filter cake layers have the physk:at properties 
required to prevent pressurized fluid migration in the annulus after the annulus is cemented. 

The improved cementitious drilling fluids of this invention are basically comprised of water, a water viscosity in- 
creasing material and a cementitious material which when deposited on the walls of the welt bore as a part of the filter 
cake layers thereon is activated and caused to hydrate and consolidate the filter cake into a stable mass that readily 
bonds to cementitkDus material subsequently placed in the well tx^re. Further, a portion dl the drilling 1\u\d can be utilized 
as the cementitk>us material subsequently placed In the well bore to seal the annulus. 

The improved methods of the present invention for drilling a subterranean well bore are bask:ally comprised of the 
steps of drilling the well bore using a drilling fluid of the invention whereby the layers of fitter cake on the walls of the 
well bore are consolidated into stable masses that readily bond to additional cementitious material subsequently placed 
in the well bore. 

The improved drilling fluids of this invention are basically comprised of water, a water viscosity increasing material 
and a cementitk>us material which when deposited on the walls of the well bore being drilled as a part of the mer cake 
hydrates and consolkjates the filter cake into a stable mass whk:h readily bonds to cementitious material subsequently 
placed in the well bore. The strength and other properties of the consolidated filter cake are sufficient to prevent or 
minimize the potential for lost circulation problems during drilling and to prevent flukj migratk>n in the annulus after 
pipe is cemented in the welt bore. 

The water utilized for forming the drilling fluid can be fresh water, salt water, brine or seawater so k)ng as the 
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particular water used does not adversely react with other components in the drilling fluid. 

The water viscosity increasing niaterials can be any of such materials utilized heretofore including hydratable 
polymers such as biopolymers. e.g. xanthan and welan; guar and derivatives, e.g. hydroxypropylguar, water soluble 
cellulose and derivatives, e.g. hydroxyethylcellulose, carboxymethylcellulose and carboxymethylhydroxyethylcel- 
lutose; acrylic acid and derivatives, e.g. partially hydrolyzed polyacrylamide; and/or uncalcined clays such as bentonlte. 
attapulgite or seplolite. The polymer and/or clay utilized forms a gel with the water in the drilling fluid thereby increasing 
the viscosity of the drilling fluid. The increase in viscosity may be necessary for the drilling fluid to suspend solid particles 
such as the cementitious material used, cuttings produced by the drill bit, particulate weighting materials and the like. 
Generally, the polymer and/or clay utilized is combined with the drilling fluid in an amount in the range of from about 
0.1 pounds to about 50 pounds per barrel of the drilling fluid. 

A variety of cementitious materials can be utilized in the drilling fluid in accordance with this invention. For example, 
the cementitious material may be any of the various hydraulic cements which are commonly utilized, both normal 
particle size and fine particle size. Examples of some of such cements are blast fumace slag. Portland cement and 
mixtures thereof. Portland cements are classified by the American Society of Testing Materials (ASTM) into five major 
types identified by the Roman numerals l-V. and by the American Petroleum Institute (API) into eight categories iden- 
tified by the letters A • H. The classifications are based on chemical composition and physical properties. The API 
Portland cements are described and identified in the API Specification For Materials and Testing For Well Cements . 
API Specification 10, 21st Edition, dated September 1. 1991 of the American Petroleum Institute, Washington, D.C. 

Other cementitious materials which can also be utilized include ASTM Class C fly ash and ASTM Class F fly ash 
combined with an activator, a calcined clay combined with an activator and a silicious containing substance combined 
with an activator. Generally, any particulate cementitious material or combination of materials which in the presence 
of water will form a hard cementitious mass of sufficient strength and other properties can be utilized. If the cementitious 
material or combination of materials is self activating, a set retarder will generally also be required to prevent hardening 
of the material until after it has been deposited on the walls of the well bore being drilled. 

Fly ash is the finely divided residue that results from the combustion of ground or powdered coal and is carried by 
the flue gases generated. A particular type of fly ash useful in accordance with the present invention Is ASTM Class 
C or the equivalent fly ash which itself contains sufficient lime (about 12 to 15% by weight) to harden and form a 
cementitious mass in the presence of water. 

Another fly ash suitable for use in accordance with the present Invention is ASTM Class F or the equivalent fly ash 
which contains only a small amount of lime, i.e.. an amount equal to or less than about 3% by weight. The ASTM Class 
F fly ash is combined with an activator such as a hydraulic cement, lime or an alkali which causes It to set into a 
cementitk>us mass in the presence of water. Hydraulw cements activate the Class F fly ash by producing lime when 
they hydrate and set. The term 'alkali' is used herein to mean an alkali metal oxide or hydroxkje. 

Another cementitk>U8 material that can be utilized Is a cateined clay combined with an activator such as a hydraulk: 
cement, lime or an alkali. Examples of cateined clays which can be utilized include calcined kaolinites. calcined montmo- 
rillonites, calcined palygorskites, cateined lllites and cateined opaline minerals. 

Yet another cementitious material which can be utilized is comprised of a silteious containing substance combined 
with an activator such as a hydraulte cement, lime or an alkali. Suitable silteious containing substances include silteates, 
amorphous siltea. e.g., fumed siltea and collokJal siltea, rice hull ash. zeolites and voteanic glass. 

The cementitious materials or combinattons of materials described above are self activating in that after being 
deposited on the walls of the well bore as part of the filter cake thereon, they hydrate and consolidate the filter cake 
into a stable mass. However, as mentioned above, the self activating materials must not hydrate and set until they 
have been deposited on the walls of the well bore being drilled. In order to provide sufficient time before hydration, a 
set retarder can be combined with the self activating cementitious materials or combination of materials. Set retarders 
are well known to those skilled in the art. Examples of set retarders which can be used with the cementitk)us materials 
described herein are lignosulfonates or derivatized lignosulfonates, hydroxycarboxy acids, phosphonic acid derivatives, 
polymers such as cellulosic derivatives, acrylic acid polymers and polyacrylamide. Generally, the particular set retarder 
whteh shouW be used with a particular cementitious material and its amount can be detenmined by conducting thickening 
time tests in accordance with the test procedures described In the above identified API Specification 10. 

Cementitkjus materials which are not self activating can also be utilized in accordance with this inventkxi. For 
example, the cementitious material can consist of ASTM Class F fly ash, a calcined clay of the type described above 
or a silicious containing substance of the type described above whteh is not combined with an activator or set retarder. 
After the non-self activating cementfttous material has been deposited on the walls of the well bore as a part of the 
filter cake, It is caused to hydrate and set by contacting it with an activator such as lime or an alkali. The lime and alkali 
can be produced by the hydraulic cement slurry placed In the annulus during primary cementing operations after the 
well bore has been drilled (the hydrating hydraulte cement produces lime and alkali which in turn cause the non-self 
activating cementitious materials to hydrate and set). Altematively. an aqueous solution of lime and/or alkali can be 
perkxJteally swept through the well bore during drilling to activate the cementitious material. 
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As mentioned, the improved drilling fluids and methods of this invention stabilize a well bore being drilled by causing 
the filter cake deposited on the walls of the well bore to be consolidated into a stable cementltious mass. This not only 
provides a surface to which subsequently placed cementitious material used for primary cementing readily bonds and 
prevents undesirable formation fluid migration in the cemented annulus, it also prevents or minimizes drilling fluid tost 
circulation problems during drilling. That is, the consolidated filter cake deposited on the walls of the wed bore during 
drilling fills and plugs zones of lost circulation encountered such as unconsolidated zones, highly permeable zones, 
naturally fractured zones, hydrostatic pressure induced fractured zones and the like. 

A particularly suitable drilling fluid for use in accordance with the present inventkxi is comprised of water selected 
from the group consisting of fresh water, salt water, brines and seawaten a water viscosity increasing material selected 
from the group consisting of a hydratable polymer or uncafeined clay present in an amount in the range of from about 
0.1 pounds to about 50 pounds per barrel of said drilling fluid and a cementittous material selected from the group 
consisting of a hydraulic cement. ASTM Class C fly ash, ASTM Class F fly ash. a catoined clay and a silrcious containing 
substance present in an amount in the range of from about 5 pounds to about 250 pounds per barrel of the drilling fluid. 

As mentioned, the cementitious materials can be used In combinatk>n with a set retarder and those whfch are not 
by themselves self activating can be utilized in combination with an activator or contacted when on the walls of the 
well bore by an activator. 

In another aspect of the present Invention, the cementitious material slurry used for cementing pipe, e.g., casing, 
in the well bore after the well bore has been drilled can be formed from ail or part of the drilling fluid used to drill the 
well bore. That is, additional cementitious material and other components such as water and set retarder can be added 
to a portion of the drilling fluid of this invention to form the cementittous material slurry. 

The Improved methods of the present invention are basically comprised of the steps of preparing a drilling fluid of 
the present invention whrch forms a filter cake containing a cementitious material on the walls of a well bore that 
hydrates and consolidates into a stable mass, and then drilling the well bore using the drilling fluid. As mentioned, the 
cementitious material can be self activating but retarded whereby it will not set until it has been deposited on the waits 
of the well bore or it can be a non-self activating cementitious material. When a non-self activating cementitious material 
Is used, the addittonal step of contacting the cementlttous material with an activator Is pertonned. For example, the 
contacting step can comprise periodically sweeping an aqueous solution of an activator such as lime or alkali through 
the well bore in contact with the filter cake during drilling. 

An alternate technique is to activate the non-self activating cementitious material deposited as a part of the filter 
cake on the walls of the well bore by conducting primary cementing operations and placing a cementitkjus material 
slurry In the well bore wh»h produces lime and/or alkali when setting. The cementitkjus material slurry is allowed to 
set In contact with the filter cake whereby the lime or alkalies produced activate the cementlttous material in the filter 
cake. 

Regardless of the type of cementitious material used, i.e., the self activating type or non-self activating type, the 
methods of the present invention can include the additional steps of placing a string of pipe in the well bore, placing a 
cementitious material slurry in the annulus between the pipe and the walls of the well bore and allowing the slurry to 
set in the annulus. Because the filter cake is consolidated into a soiki mass that readily bonds with the set cementitious 
material slurry, undesirable fluid migration in the annulus does not take place. 

In order to further illustrate the cementittous well drilling flukjs and methods of the present invention, the foltowing 
examples are given. 

Example 1 

Test samples of an improved drilling fluid of the present inventton (test sample No. 1 ) and primary cementing flukJs 
formed from the drilling fluid (test samples Nos. 2-8) were prepared. The drilling fluki test sample included a calcined 
clay cementitious material, an uncatcined clay viscosity increaser, fresh water, a set retarder. weighting material and 
simulated drill solids. The primary cementinq fiutos addittonally included a hydrated l»ne activator, addittonal viscosity 
increasers, and a dispersing agent as shown in Table I betow. 

Each of test samples Nos. 1-3 were tested for riieotogical properties at room temperature in accordance with the 
procedure set forth in the above mentioned API Specification 10. Test samples 2-8 were also tested for thtokening 
times and 24 hour compressive strengths in accordance with the procedures described in API Specification 10 The 
results of these tests are set forth in Tables II and 111 betow 
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TABLE I 



10 



IS 



20 



25 



30 



35 



40 



45 



Calcined Clay Drilling Fluid And Primary Cementing Formulations 



Density 
(pounds per 
gallon) And 
Component 
s (pounds 
per barrel) 



Drilling 
Fluid 
Formuiatio 
n Without 
Activator, 



Primary Cementing Formulations Formed From The Drilling Fluid 

Formulation 





rlUlO NO. 1 


riuid 


Fluid 


Fluid 


Fluid 


Fluid 


Fluid No. 


Fluid No. 






No. 2 


No. 3 


No. 4 


No. 5 


No. 6 


7 


8 


Density 


10 


12 


12.6 


11.5 


11.5 


11.5 


11.8 


11.5 


Weighting 


57 


42.8 


25.4 


49 


49 


49 


46 


49 


MateriaH 


















Uncalcined 


20 


15 


6.5 


25 


25 


25 


24 


25 


Ctay 


















Viscosity 


















Increassr^ 


















Simulated 


15 


11.3 


9.8 


13 


13 


13 


12 


13 


Dnil Solids'' 


















Fluid Loss 






0.5 












Agent and 


















Viscosity 


















Increaser^ 


















Polymer 






0.1 




0.2 








Viscosity 


















Increaser^ 


















Set Retarder^ 


10 


9.3 


2 


4.2 


10.6 


3.8 




6.3 


Dispersant^ 






2.5 








7 




Calcined 


10 


107.5 


208 


88 


88 


88 


103 


88 


Clay 


















Cementrtious 


















Material^ 


















Activator® 




53 


101 


44 


44 


44 


52 


44 


Fresh Water 


311.4 


233.6 


212.3 


263 


260 


263 


249 


262 



Barium Sutfato 
^ Bentonite except for Ruid No. 3 which was Sepbfite. 
^ CaJctum MontmorilonHe 

^ Polyantonic CeBulose commercial^ avalable under the trade name 'DRIsmC SL~' from Drilling Specialties Co. of Houston. Texas. 
^ WMangum 
^ Ugnoeulfonate 

^ commerdaily available from Hallfeurton Energy Sen/ices of Duncan, Oklahoma. 

® Kaofin commercially available from ECC Intemalional of Atlanta. Georgia. 
^ Hydrated lime 
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SO 



55 



Rheological Properties Of Fluids Nos. 1-3 




Rheological Properties At Room Temperature 


Fluid NoJ 


600 rpm 


300 rpm 


200 rpm 


100 rpm 


6 rpm 


3 rpm 


1 


9 


5 


4 


3 


1 


1 


2 


93 


68 


57 


45 


22 


15 
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TABLE II (continued) 



Rheological Properties Of Fluids Nos. 1-3 




Rheological Properties At Room Temperature 


Fluid No.i 


600 rpm 


300 rpm 


200 rpm 


100 rpm 


6 rpm 


3 rpm 


3 


562 


376 


268 


190 


60 


36 



10 



IS 



20 



2S 



30 



TABLE lil 



m 35 

r- 

m 

o 
O 

< 

SO 



ss 



4S 



Thickening Times And Compressive Strengths Of Fluids Nos. 2-8 




Thickening Time (hr:min) 


24 Hr. Compressh/e Strength (pel) 


Fluid No.i 


lOO'^F 


120*»F 


ISO^F 


200-F 


120»F 


200-F 


2 








1:00 






3 










1318 




4 








1:04 






5 








1:03 






6 


9:15 












7 




13:50 










8 

' 1^ ^^^^ 






4:05 






466 



> giver in Table t above, 

As Shown in Table it, the driiling fluid (test sample No. 1) and the primary cementing fluid formed therefrom (test 
sample No. 2) had excellent rheological properties. As shown by the difference in test samples 2 and 3. the rheotogteai 
properties can be increased by adding additional viscosity Increasing polymers. 

As Is shown in Table III, the primary cementing fluids formed from the drilling fluid had varying thickening times 
and compressive strengths depending on the particular components and quantities of components contained therein. 

Example 2 

Test samples of three drilling fluids of the present invention (test sample Nos. 1-3) and two primary cementing 
fluids formed therefrom (test sample Nos. 4 and 5) were prepared. The drilling fluid test samples all included API Class 
H Portland cement, water, simulated drill solids and weighting material. Two of the drilling fluids (Nos. 2 and 3) included 
a viscosity increaser. The primary cementing fluids formed from the drilling fluid included increased quantities of Port- 
land cement and a set accelerator, all as shown in Table iV below. 

TABLE IV 



Cement Drilling Fluid And Primary Cementing FormulatkMis 


Density (pounds 
per gallon) And 
Components 
(pounds per barrel) 


Drilling Fluid Formulations 


Primary Cementing Formulatione Formed 
From Drilling Fluid Formulation No. 1 




Fluid No.1 


Fluid No. 2 


Fluid No. 3 


Fluid No. 4 


Fluid No. 5 


Density 
Fresh Water 
Cementftious 
Material 


9.5 
332 
10 


9.5 
330 
10 


9.5 
328 
10 


12.5 
262 
196 


12.5 
264 
196 


Simulated Dt\\\ 
Solids^ 

^ API Class H Pordand Cem* 


15 

snt 


15 


15 


12 


12 



^ Calcium Montmorilonite 
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TABLE IV (continued) 



Cement Drilling Fluid And Primary Cementing Formulations 


Density (pounds 
per gallon) And 
Components 
(pounds per barrel) 


Drilling Fluid Formulations 


Primary Cementing Formulations Formed 
From Drilling Fluid Formulation No. 1 


Fluid No. 1 


Fluid No. 2 


Fluid No. 3 


Fluid No. 4 


Fluid No. 5 


Weighting Material^ 
Fluid Loss Agent and 
Viscosity tncreaser^ 
Set Accelerator^ 


40 


40 
2 


40 
3 

■ 


33 
2.4 

24 


33 
1.6 

2.4 



^ HydroxyethyloeBuloM 
S Calcium Chloride 



The drilling fluids were placed In aging cells and rolled In a roller oven to simulate the circulation of the fluids 
through a well bore being drilled for various time periods. After aging, the rheological properties of the fluids at room 
temperature were determined. The rheological properties at room temperature of the primary cementing fluid were 
also determined. The results of these tests are given In Table V below. 



TABLE V 





Rheolbgicai Properties Of Fluids Noe. 1-6 




Simulated 




Rheological Properties At Room Temperature 






Circulating 
















Tlme^, Hrs. 














Fluid No.1 




600 rpm 


300 rpm 


200 rpm 


100 rpm 


6 rpm 


3 rpm 


1 


0 


7 


3 


2 


1 


0.5 


0.5 


1 


16 


6 


3 


2 


1 


0.5 


0 


1 


32 


5 


2 


1-5 


1 


0.5 


0 


1 


48 


7 


3 


2 


1 


0.5 


0 


2 


16 


73 


54 


44 


30 


5 


3 


3 


16 


142 


118 


99 


76 


19 


12 


4 


0 


90 


70 


59 


45 


11 


7 


5 


0 


175 


144 


128 


103 


36 


25 



2 Roiled in an aging cell in a Baroid laboratofy roller oven sold by Baroid Testing Equipment Co. of Houston. Texas, which simulatos fluid aging 
under pressure and temperature over periods of time. 



Each of test samples Nos. 2 and 3 were tested for Huid loss and each of test samples Nos. 4 and 5 were tested 
for thickening time and compressive strength, all In accordance with the procedures set forth in API Specification 10. 
The results of these tests are set forth in Table Vt below. 



TABLE VI 



Fluid Loeeee, 


Thielcening Tlmee And Compreeelve Strengthe Of Fluids Noe. 2-5 


Ruid No.1 


Fluid Loee, 1000 pel 


Thielcening Time 


Compreeelve Strength 




•F 


ce/30 min. 




Hr:mln 


°F 


24 Hr. 


2 


80 


24 










3 


80 


18 










4 






150 


19:00+ 


150 


255 


5 






150 


19:00+ 


100 


179 



Corresponding Fluid Nos. and formulations given in Table IV above. 
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As shown in Table V, the Theological properties of drilling fluid sample No. 1 stayed relatively constant over a long 
simulated circulation time thereby indicating excellent drilling fluid performance. Drilling fluid test samples Nos. 2 and 
3 showed more variance in rheological properties as a result of circulating time due to the presence of viscosity increaser 
therein. 

s As shown in Table VI. the primary cementing fluids formed from the drilling fluid have excellent thickening time 

and compressive strength properties. 

Example 3 

10 Test samples of drilling fluids of the present invention (test sample Nos. 1-6) and primary cementing fluids (test 

sample Nos. 7-g) were prepared. The drilling fluid and primary cementing fluid test samples included Class C fly ash 
cementitious material, fluid toss agents and viscosity increasers, weighting material (except No. 1), a dispersant, sim- 
ulated drill solids, a set retarder and fresh water, all as shown In Table Vil below. 
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TABLE VII 





Class C Fly Ash Drilling Fluid And Primary Cementing Formulations 




Density 




Drilling Fluid Formulations 




Primary Cementing 


















Formulations 


20 


gallon) and 






















Components 






















(pounds per 
barrel) 
























Fluid 


Fluid 


Fluid 


Fluid 


Fluid 


Fluid 


Fluid 


Fluid 


Fluid 


2S 




No. 1 


No. 2 


No. 3 


No. 4 


No. 5 


No. 6 


No. 7 


No. 8 


No. 9 




Density 


9.5 


11.0 


11.5 


12.0 


12.5 


13.5 


12.5 


13.5 


15.0 




Fresh Water 


317 


288 


281 


264 


240 


220 


252 


235 


196 




Cementitious 


59 


125 


128 


190 


216 


232 


218 


237 


275 


30 


N4aterian 






















Simulated Drill 


15 


15 


12 


15 


11 


15 


15 


15 


11 




Solids2 






















Weighting 




29 


56 


31 


26 


65 


35 


74 


120 




Material^ 




















35 


Fluid Loss 


2.0 




1.9 


2.5 


2.4 


2.1 


1.7 


1.5 


2.0 




Agent and 






















Viscosity 






















Increaser* 






















Polymer 


0.2 


0.15 
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Viscosity 






















Increaser^ 






















Dispersant® 


0.5 


0.5 


1.0 


2.0 


2.3 


2 


2.3 


3.2 


4.0 




Set Retarder^ 


4.6 


5 


10 


8 


25 


30 


2.5 


3.0 
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Class C Fly Ash 
^ Calcium Montmorillonito 
^ Barium Sutfele 
^ Hydroxyethylcelluloss 
^ Welan gum 

® 'CFR-2~' commercially availabte from Halfiburton Energy Services of Duncan. Ofclahcma. 
Hydroxycarfooxy acid 
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The rheological properties, thickening times and compressive strengths of a number of the fluids were tested in 
accordance with the procedures described in API Specification 10. The results of the tests are given in Tables VIII. IX 
and X below. 
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TABLE VIII 





Rheologleal Properties Of Fluids 




Rheologfcal Properties At Room Temperature 


Fluid No.i 


600 rpm 


300 rpm 


200 rpm 


100 rpm 


6 rpm 


3 rpm 


1 


9 


6 


5 


4 


2 


1 


2 


18 


10 


9 


5 


2 


2 


3 


38 


27 


23 


17 


15 


12 


4 


62 


46 


41 


35 


29 


26 


6 


108 


87 


76 


59 


33 


21 


8 


205 


96 


57 


23 


2 


1 


9 


236 


120 


77 


38 


3 


2 



above. 



TABLE IX 
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Thickening Times Of Fluids 




Thickening Times (HrrlMIn) 


Fluid No.i 


100-F 


120-F 


180«F 


200-F 


1 


7:00+ 


6:00+ 






2 






5:30 


1:42 


5 






6:00+ 




7 




3:00+ 


2:12 




8 


3:00+ 


4:10 


1:40 





and fbrmulations gwen in Table VII above. 
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Compressive Strengths Of Primary Cementing Fluids 




24 Hr. Compressive Strength (pel) 


Fluid No.i 


100'F 


150'*F 




7 




130 


410 


8 


95 


265 




9 


536 


1.015 





and fenmulations given In Table VII above. 

As shown m Tables VHI. IX and X. the fly ash drilling fluids of this invention have excellent rheological properties 
8t"ri,X ""^ ""'"^'^ cenrienting fluids formed fram the drilling fluids have goS compressiS 

Claims 

1. A drilling fluid for use in drilling a subterranean well bore, which fluid comprises water; a water viscosity increasing 
material; and a cementitious material which, when deposited on the walls of a well bore as a part of a filter cake 
thereon ,s caused to harden and consolidate the fitter cake into a stable mass that readily bonds to cement sub- 
sequently placed m said well bore. 

^ • cementitous material is a self^tivating material which hydrates and 

consolidates said fitter cake after being deposited on the walls of saw well bore. yoaiesana 
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3. A fluid according to claim 1 or 2, wherein the cementitious material is selected from: a hydraulic cement combined 
with a set retarder; ASTM Class C fly ash combined with a set retarder; ASTM Class F fly ask combined with a 
set retarder and an activator selected from hydraulic cement, lime and an alkali; a calcined clay which forms a 
cementitious material combined with a set retarder and an activator selected from a hydraulic cement. Ivne and 
an alkali; and a siliceous containing substance which forms a cementitious material combined with a set retarder 
and an activator selected from hydraulic cement, lime and an alkali. 

4. A fluid according to claim 1 . 2 or 3. wherein the cementitious material is activatable externally after being deposited 
on the walls of sakl well bore by contact of the cementitious material with an activator 

5. A fluki according to claim 1.2, 3 or 4. wherein the water viscosity increasing material is a hydratable polymer or 
uncalctned clay. 

6. A fluid according to any of claims 1 to 5. wherein said water is fresh water, salt water, brine or seawater. 

7. A fluid according to any of claims 1 to 6. wherein sakJ viscosity increasing material is present in an amount of from 
0. 1 pounds to 50 pounds per barrel of sakl drilling flukl. 

8. A fluid according to any of claims 1 to 7, wherein sa\6 cementitbus material is present in an amount of from 5 
^20 pounds to 250 pounds per barrel of saki drilling flukl. 

9. A method of drilling a subterranean well bore, which method comprises drilling said well bore using a drilling flukJ 
as claimed in any of claims 1 to 8. 

.25 10. A method according to claim 9. which further comprises the steps of placing a pipe in said well bore; placing a 
cementitious material slurry in the annulus between said pipe and the walls of sakI well bore; and allowing said 
cementitious material slurry to set In saki annulus whereby it is bonded to said pipe and to the walls of said well 
bore by way of said consolidated filter cake thereon. 
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30 1 1 . A method according to claim 1 0. wherein said cementitksus material slurry is comprised of a portkxi of said drilling 
fluid. 
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